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ABSTRACT
We present results of deep surveys of three extragalactic fields, M81 (exposure of
9.7 Ms), LMC (6.8 Ms) and 3C 273/Coma (9.3 Ms), in the hard X-ray (17–60 keV)
energy band with the IBIS telescope onboard the INTEGRAL observatory, based on 12
years of observations (2003–2015). The combined survey reaches a 4σ peak sensitivity
of 0.18 mCrab (2.6×10−12 erg s−1 cm−2) and sensitivity better than 0.25 and 0.87
mCrab over 10% and 90% of its full area of 4900 deg2, respectively. We have detected
in total 147 sources at S/N > 4σ, including 37 sources observed in hard X-rays for
the first time. The survey is dominated by extragalactic sources, mostly by active
galactic nuclei (AGN). The sample of identified sources contains 98 AGN (including
64 Seyfert galaxies, 7 LINERs, 3 XBONGs, 16 blazars and 8 AGN of unclear optical
class), two galaxy clusters (Coma and Abell 3266), 17 objects located in the Large
and Small Magellanic Clouds (13 high- and 2 low-mass X-ray binaries and 2 X-ray
pulsars), three Galactic cataclysmic variables, one ultraluminous X-ray source (ULX,
M82X-1) and one blended source (SWIFT J1105.7+5854). The nature of 25 sources
remains unknown, so that the surveys identification is currently complete at 83%.
We have constructed AGN number-flux relations (logN -logS) and calculated AGN
number densities in the local Universe for the entire survey and for each of the three
extragalactic fields.
Key words: catalogues – surveys – X-rays: general.
1 INTRODUCTION
Deep X-ray surveys of extragalactic fields with focusing X-
ray telescopes (see, e.g., Brandt & Alexander 2015, for a
review) are essential for studying the evolution of active
galactic nuclei (AGN) and physical processes powering their
activity, but have a number of limitations. In particular,
their small covered areas prevent finding a sufficient num-
ber of bright objects, whereas the soft X-ray energy band
(E . 10 keV) used in most surveys introduces a strong bias
against obscured (i.e. those with substantial intrinsic ab-
sorption) AGN. These drawbacks can be partially overcome
using wide-field hard X-ray surveys performed with coded-
mask telecopes like IBIS/INTEGRAL (Winkler et al. 2003)
or BAT/Swift (Gehrels et al. 2004).
As was shown in previous studies (see e.g. Paltani et al.
2008; Krivonos et al. 2010a), the IBIS telescope aboard the
? E-mail:i.a.mereminskiy@gmail.com
INTEGRAL observatory is able to achieve high sensitivity
in extragalactic fields. The sensitivity grows nearly propor-
tionally to the square root of exposure showing no signifi-
cant contribution of systematic noise and allowing IBIS to
find sources at the tenths-of-mCrab1 flux level with a low
number of false detections. In combination with IBIS large
field of view (FOV, 28◦× 28◦, 9◦× 9◦ fully coded), this
opens up a possibility to collect a significantly large sam-
ple of hard X-ray emitting AGN with fluxes down to a few
10−12 erg s−1 cm−2. Note that such objects, due to their
rarity (∼0.05 AGN per deg2), evade NuSTAR deep surveys
(Mullaney et al. 2015).
The observational program of INTEGRAL has been
mainly dedicated to Galactic source studies (see, e.g., Bar-
low et al. 2006; Revnivtsev et al. 2008; Bodaghee et al. 2012;
1 One mCrab corresponds to 1.43×10−11 erg s−1 cm−2 in the 17–
60 keV energy band assuming a spectral shape 10(E/1keV )−2.1
photons cm−2 s−1 keV−1.
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Figure 1. Distribution of pixel significances for the combined sur-
vey of three extragalactic fields (blue histogram). The red dashed
line shows the normal distribution with unit variance and zero
mean.
Lutovinov et al. 2013; Walter et al. 2015), whereas the high
Galactic latitude sky has been observed less intensively and
very inhomogeneously. Nevertheless, on-going extragalactic
surveys carried out with IBIS expand our knowledge about
populations of extragalactic hard X-ray sources, mainly
AGN, (Krivonos et al. 2007, 2010b; Bird et al. 2010, 2016)
and provide observational input for AGN studies (Sazonov
et al. 2007, 2008, 2015; Beckmann et al. 2009; Malizia et al.
2009).
A number of multi-year campaigns have been recently
performed in the extragalactic sky, in particular of regions
around the M81 galaxy, the Coma cluster and the Large
Magellanic Cloud. In each of these fields the total accumu-
lated exposure (per position) exceeds 3 Ms, making them
interesting for population studies of extragalatic hard X-ray
sources and especially AGN in the so far poorly explored
domain of sub-mCrab fluxes, which is the main purpose of
the present paper.
The region around the M81 and M82 galaxies was tar-
geted during two main campaigns: the study of hard X-ray
spectra of the ultraluminous X-ray sources (ULXs) HoIXX-
1 and M82X-1 (Sazonov et al. 2014) and recent observations
of the type Ia supernova SN2014J in M82 (Churazov et al.
2014). This field has a total exposure of 9.7 Ms (hereafter
all quoted exposures are dead time corrected ones) at the
position of the M81 galaxy.
Another INTEGRAL deep field, around the LMC
galaxy, has a peak exposure of 6.8 Ms. The major part of
the observing time was gained by the SN1987A multi-year
observational campaign (Grebenev et al. 2012). The previ-
ous hard X-ray survey of the LMC region was presented by
(Grebenev et al. 2013) and had reached a peak exposure of
4.8 Ms. Note that this field is rich in X-ray binaries located
in LMC/SMC.
The field around the North Galactic pole was often
observed as it includes a number of interesting extragalac-
tic sources, such as the bright AGN 3C273 and NGC4151
and the Coma cluster. The region of the Coma cluster was
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Figure 2. Sky area covered as a function of 4σ limiting flux for
each field and for the combined survey.
first surveyed at hard X-rays with INTEGRAL by Krivonos
et al. (2005) who studied serendipitous extragalactic source
counts down to a limiting flux of 1 mCrab. Later estimations
(Krivonos et al. 2007) showed that the Coma region has an
enhanced population of AGN, which probably reflects the
local overdensity of AGN in the nearby Universe. This re-
sult was later confirmed by Swift/BAT (Ajello et al. 2012).
The sky region around 3C273/Coma (total area 2500 deg2,
exposure 4 Ms) was also selected to conduct an INTEGRAL
extragalactic survey and to measure the source counts and
AGN luminosity function (Paltani et al. 2008).
Given the IBIS FOV size and 5 × 5 standard obser-
vational pattern, we chose for our present study 35◦×35◦
regions for the M81 and LMC fields with centers at
J2000 coordinates RA=85◦.0, Dec=−69◦.0 and RA=148◦.9,
Dec=69◦.1, respectively. For the 3C 273/Coma field, we
chose an extended 35◦×70◦ region with the aimpoint at
RA=190◦.0, Dec=17◦.0 (J2000).
2 SURVEY
For the current survey we used all publicly available data
acquired with INTEGRAL before June 2015 (spacecraft rev-
olution 1553). The data from ISGRI, the first detector layer
of the IBIS telescope, were utilized, as having the highest
sensitivity at hard X-rays. We selected 17–60 keV as our
working energy band where ISGRI has the highest effective
area.
To apply the latest ISGRI energy calibration (Caballero
et al. 2013), we first reduced the list of registered events
with the INTEGRAL Offline Scientific Analysis (OSA) 10.1
provided by ISDC2 up to the COR level. Then we processed
the events with a proprietary analysis package developed at
IKI3 (details available in Krivonos et al. 2010a, Krivonos
et al. 2012 and Churazov et al. 2014) to produce individual
17–60 keV sky images for each INTEGRAL science window
2 ISDC Data Centre for Astrophysics, http://www.isdc.unige.ch/
3 Space Research Institute of the Russian Academy of Sciences
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(ScW), an observation with a typical duration of 2–3 ks.
Finally, the list of ScW images was cleaned to remove noisy
ones and then combined into sky mosaics.
2.1 Sensitivity and source detection
The sensitivity of the current survey is limited by photon
statistics and not significantly affected by systematic noise.
The distribution of S/N values for pixels from all three sky
mosaic maps is shown in Fig. 1. It can be well described by
pure statistical noise (at negative fluxes), which allows us
to use Poisson statistics to predict the number of noise ex-
cesses above a given threshold. The combined survey covers
a geometrical area of 4900 deg2 which contains ∼1.2×105
independent pixels of the size of the IBIS angular resolution
(12′). By setting a 4σ detection threshold for the current sur-
vey, we expect no more than 4 false detections in all three
fields.
Fig. 2 shows the area covered by the combined survey
and individual fields as a function of the 4σ limiting flux.
The peak sensitivity of the survey is 0.18 mCrab (2.6×10−12
erg s−1 cm−2), with 10% and 90% of the total area hav-
ing been covered with sensitivity better than 0.25 mCrab
(3.6×10−12 erg s−1 cm−2) and 0.87 mCrab (1.2×10−11 erg
s−1 cm−2), respectively.
We analyzed the mosaic maps for positive excesses with
S/N > 4σ and found 147 source candidates. We cross-
checked the list of the detected sources with the current
INTEGRAL source catalog4, the Swift/BAT 70-month cat-
alog (Baumgartner et al. 2013) and the all-sky hard X-ray
survey by Bird et al. (2016) as the most complete and up-to-
date hard X-ray source catalogs. We also used the 66-month
Palermo Swift/BAT online catalog5 (Cusumano et al. 2010)
as a complementary catalog. For all identified extragalactic
sources we collected known redshifts or distances from the
NASA/IPAC Extragalactic Database6 (NED).
Fig. 3 shows the mosaic images along with exposure
contours for the three studied fields. Note that the M81
and 3C 273/Coma fields do not show any systematic noise,
which suggests that IBIS/ISGRI can be used to perform
even deeper extragalactic surveys. The source statistics for
each field is discussed below.
The high Galactic latitude (bII ≈ 40◦) M81 field
contains 37 detected sources: 28 known AGN including 5
blazars, one ULX (M82X-1), two Galactic binary systems
(MU Cam and DO Dra), five new hard X-ray sources of
unknown type, and SWIFTJ1105.7+5854 – a known pair
of sources with 6’ separation (Baumgartner et al. 2013),
which cannot be resolved with the IBIS telescope. This field
hosts the most distant object in our survey – the quasar
QSOB0836+710 at z = 2.172 (Stickel & Kuehr 1993). Thus,
the M81 field is dominated by AGN.
In the LMC field, 46 sources are detected, including 11
objects previously unknown as hard X-ray sources. This field
is different from the other two because it hosts 17 objects
located in the Magellanic Clouds (both LMC and SMC),
4 http://isdc.unige.ch/integral/catalog/39/catalog.html
5 http://bat.ifc.inaf.it/bat_catalog_web/66m_bat_
catalog.html
6 https://ned.ipac.caltech.edu/
including 13 high-mass X-ray binaries, two low-mass X-ray
binaries and two rotation-powered pulsars; it also contains
the Galactic cataclysmic variable TW Pic. Among 21 ex-
tragalactic sources in this field there are 20 AGN, including
three blazars, and the cluster of galaxies Abell 3266. The
nature of 7 sources remains unknown.
In the vicinity of the bright (∼20 mCrab) X-ray pul-
sar LMCX-4, the presence of two hard X-ray sources was
reported earlier: IGRJ05319−6601 (Götz et al. 2006) and
IGRJ05305−6559 (Krivonos et al. 2007). Due to the small
angular distance from LMCX-4, these sources cannot be
resolved on the average map. Nevertheless, taking into ac-
count a peculiar property of LMCX-4 (the source period-
ically goes to the ”off”-state) and using the corresponding
subset of revolutions, Grebenev et al. (2013) showed that
the persistent hard X-ray emission actually originates from
the sky region coinciding with the position of another X-ray
pulsar, EXO053109-6609.2. This conclusion was supported
by an independent detection of this source in the standard
X-ray energy band by the INTEGRAL/JEM-X telescope,
which allowed Grebenev et al. (2013) to reconstruct the
source spectrum in a broad energy band and demonstrate
that it is typical for accreting X-ray pulsars. Based on the
extended data set obtained with INTEGRAL and using the
current ephemerides for LMCX-4 (Molkov et al. 2015), we
have repeated such an analysis and verified the result of
Grebenev et al. (2013). Summarizing the above, we can con-
clude that the hard X-ray emission detected by INTEGRAL
from the vicinity of LMCX-4 is associated with the X-ray
pulsar EXO053109−6609.2 and that the hard X-ray sources
IGRJ05319−6601 and IGRJ05305−6559 are actually the
same source – the X-ray counterpart of EXO053109−6609.2.
We finally note that since our maps are averaged over many
revolutions, the position and flux for this source in the cat-
alog (referred to as IGRJ05305−6559) are strongly affected
by LMCX-4 and should thus be treated carefully.
The 3C273/Coma field is the largest one and natu-
rally contains the largest number of sources. We have de-
tected here 64 sources including 16 objects detected in hard
X-rays for the first time. All the identified sources are of
extragalactic origin: there are 47 known AGN, including 7
blazars, and the Coma cluster. This field hosts the faintest
object in our survey – IGRJ12304+0946 with the flux of
0.21± 0.05 mCrab (3.0×10−12 erg s−1 cm−2).
INTEGRAL has detected for the first time the galaxy
cluster Abell 3266, with the flux of 0.64± 0.10 mCrab, con-
firming the previous detection by Swift/BAT (Ajello et al.
2009). However, unlike the Coma cluster (Lutovinov et al.
2008), the extended structure of Abell 3266 is not resolved
by INTEGRAL. In Fig. 4, we present zoomed IBIS images of
these two clusters with oveplotted contours demonstrating
the 0.1–2.4 keV surface brightness, obtained from ROSAT
data (Voges et al. 1999). Regions with the highest hard X-
ray brightness coincide with the central parts of the soft
X-ray images.
In summary, we have detected 147 sources in all three
fields, which are listed in Table 1, including 37 detected
in hard X-rays for the first time. Two fields (M81 and
3C273/Coma) are dominated by extragalactic objects, while
a significant fraction of sources in the LMC field are nearby
ones (X-ray binary systems) located in LMC and SMC.
Fig. 5 shows the fluxes of the detected sources as a func-
MNRAS 000, 1–11 (2016)
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Figure 3. Hard X-ray maps of the M81, LMC and 3C 273/Coma fields, shown in terms of significance. The square-root color map ranges
from 0 to 25. Yellow circles denote new sources and green circles already known ones. Some of the brightest sources are marked for easy
navigation. North is up and east is to the left on all maps. a) M81 field. The peak exposure 9.7 Ms, contours show exposures of 2, 4
and 8 Ms. b) LMC field. The peak exposure 6.8 Ms, contours drawn at 2 and 4 Ms. c) 3C 273/Coma field. The peak exposure 9.3 Ms,
contours drawn at 2, 4 and 8 Ms.
tion of the exposure time, along with an expected sensitivity
curve F 5σlim = 0.77×(T/Ms)−0.5 mCrab provided by Krivonos
et al. (2010b). We see that the IBIS/ISGRI extragalactic
survey continues to operate in a statistically limited regime,
with the sensitivity increasing as the square root of the ex-
posure. The factor of ∼ 2 improvement in sensitivity with
respect to the 7-year all-sky survey (Krivonos et al. 2010b)
is clearly visible.
It is interesting to compare our catalog with an IN-
TEGRAL all-sky survey catalog recently published by Bird
et al. (2016) based on IBIS data taken before spacecraft or-
bit 1000 (December 2012). The catalog of Bird et al. (2016)
contains only 65 sources out of the 147 sources detected
in our survey (14/37 in the M81 field, 17/46 in LMC and
34/64 in 3C 273/Coma), which is not unexpected given that
several extensive INTEGRAL observational campaigns of
these fields have been undertaken after December 2012 and
we have taken advantage of these additional data. On the
MNRAS 000, 1–11 (2016)
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Figure 4. The 2◦× 2◦ fields around the Coma (left) and Abell 3266 (right) clusters of galaxies. The contours denoting the surface
brightness in the 0.1–2.4 keV energy band from ROSAT data are overplotted.
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Figure 5. The 4σ limiting flux as a function of the exposure.
Red circles denote sources from the current survey. Green stars
are high Galactic latitude (|b| > 15◦) sources detected in the
7-year all-sky survey (Krivonos et al. 2010b). The green line rep-
resents an analytical approximation of the nominal sensitivity
versus time.
other hand, since our survey was not designed for source
detection at different time scales, it misses 12 short and
3 long transients listed in Bird et al. (2016) with typi-
cal outburst timescales of weeks and months, respectively.
In addition, 10 persistent weak sources from Bird et al.
(2016) catalog fall below our detection threshold, includ-
ing three sources in the M81 field (IGR J08447+6610, Mrk
18 and IGR J09034+5329), two in LMC (PKS 0312-770
and SWIFT J0450.7-5813) and five in 3C 273/Coma (IGR
J12562+2554, IGR J13166+2340, SWIFT J1344.7+1934,
IGR J12319-0749 and IGR J11486-0505), which may indi-
cate that these sources became dimmer in the latest INTE-
GRAL observations.
2.2 Identification of new sources
For the identification of 37 newly detected sources we uti-
lized the SIMBAD7 and HEASARC8 databases as well as
the Swift/XRT point source catalog (1SXPS, Evans et al.
2014) and the third XMM-Newton serendipitous source cat-
alog (3XMM-DR5, Rosen et al. 2015). Based on XMM-
Newton or Swift/XRT archival observations, we selected X-
ray counterparts in the soft X-ray band (2–10 keV) within
a 4.2′ (2σ) error circle around the best-estimate positions
of hard X-ray sources. The favored source was that which
had the highest flux and a hard spectrum consistent with
the INTEGRAL 17–60 keV flux. We found firm soft X-ray
counterparts for 13 sources of 37, and list them in Table 1.
In some cases we propose an optical counterpart based on
positional coincidence with a known bright source, e.g. an
AGN. Below we discuss a few cases of source identifications
in which additional observations are needed to validate the
proposed association.
IGRJ08501+6630
Our search for a soft X-ray counterpart in the HEASARC
archival data did not yield a potential candidate within
the INTEGRAL error circle of IGRJ08501+6630. However,
we found two bright sources in optical/IR bands: the star
TYC 4134-706-1 (ESA 1997) and the edge-on spiral galaxy
MCG+11-11-029 (z = 0.037). The latter is proposed as
7 http://simbad.u-strasbg.fr/simbad/
8 http://heasarc.gsfc.nasa.gov/
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Table 1. Part of the catalog of sources detected in the combined survey of three fields: M81, LMC and 3C 273/Coma. The descripton
of the columns can be found in Sect. 2.3. The full version of the table is available in Appendix 1.
Id Name1 R.A. Dec. S/N Flux D z logL Type Notes
deg deg mCrab Mpc erg s−1
M81 field
1 Mrk 3 93.950 71.039 39.4 5.81±0.15 0.013 43.56 Sy2
2 IGR J06253+7334 96.370 73.585 7.6 0.99±0.13 CV MU Cam
3 Mrk 6 103.043 74.427 22.4 2.37±0.11 0.019 43.46 Sy2
4 IGR J06571+7802 104.277 78.044 4.2 0.47±0.11
5 QSO B0716+714 110.576 71.304 5.9 0.50±0.08 0.300 45.34 Blazar
6 IGR J07563+5919 119.091 59.321 4.0 0.62±0.16
7 PG 0804+761 122.929 76.034 9.4 0.63±0.07 0.100 44.39 Sy1
< · · · >
147 IGR J13486+1554 207.168 15.901 4.8 0.57±0.12
1 The names of sources previously unknown in the hard X-ray band (17–60 keV) are highlighted in bold. Sources with spatial confusion
are indicated by a star, their measured fluxes should be considered with caution.
Table 2. 1SXPS sources in the 4.2′ error circle around the IGRJ13100+0830 position. The table is based on the 1SXPS catalog (Evans
et al. 2014).
1SXPS Offset1 R.A., Dec. Count rate Flux3 Optical counterpart
Id (error2) ×10−4 cts s−1 ×10−14 erg s−1 cm−2 (type)
0.2–2 keV 2–10 keV 0.2–10 keV
J131004.4+082936 1.1′ 197.5184, 8.4935 13.0 5.5 7.5+1.8−1.6 SDSS J131004.26+082938.9
(4.8′′) (QSO candidate, z = 1.22)
J131008.5+082826 2.6′ 197.5356, 8.4741 13.8 3.4 7.0+1.7−1.5 SDSS J131008.34+082826.4
(4.4′′) (galaxy, z = 0.27)
J131014.2+083137 3.3′ 197.5592, 8.5270 16.2 3.5 8.0+1.8−1.6 SDSS J131014.24+083135.9
(4.9′′) (QSO candidate, z = 1.55)
J130947.2+083049 3.6′ 197.4467, 8.5138 5.5 1.7 3.0+1.1−1.0 USNO-B1.0 0985-0230131
(5.3′′) (foreground star)
1 Angular offset from the INTEGRAL position of IGRJ13100+0830 in arcminutes.
2 Radius of the 90% confidence error circle.
3 The 0.2–10 keV flux (±1σ error) calculated from a power-law model with Γ=1.7 and Galactic absorption toward the source (see
details in Evans et al. 2014).
a possible optical counterpart of IGRJ08501+6630. The
absence of a soft X-ray counterpart and non-detection of
IGRJ08501+6630 in the ROSAT all-sky survey (Voges et al.
1999) indicates a strong intrinsic absorption.
IGRJ05329−7051
The error circle of IGRJ05329−7051 contains one obvi-
ous soft X-ray counterpart – 3XMMJ053257.8−705112, lo-
cated 20′′ away from the INTEGRAL position (Fig. 6) and
having a flux of ' 2 × 10−13 erg s−1 cm−2 in the 0.2–12
keV band (Rosen et al. 2015). The optical counterpart of
3XMMJ053257.8−705112 is a distant (z = 1.238, Kozłowski
et al. 2012) AGN, MQSJ053258.11−705112.9. We extracted
the source spectrum from the data of an XMM-Newton ob-
servation in October 2001 (ObsId 0089210901, exposure 22
ks). Fitting it with the phabs*zpowerlw model from the
XSPEC package we obtained a low absorption column den-
sityNH = (1.7±0.8)×1021 cm−2 consistent with the absorp-
tion in the Milky Way in this direction, and a moderate pho-
ton index of 2.2± 0.4. The corresponding model flux in the
0.2–10 keV energy range is 1.4×10−13 erg s−1 cm−2. Due to
its high hard X-ray luminosity L17−60 keV ∼ 3×1046 erg s−1
we classify this source as a candidate blazar.
IGRJ13100+0830
We found four soft X-ray counterparts in the 1SXPS cat-
alog (Evans et al. 2014) within the 4.2′ error cicrle of
IGRJ13100+0830, as shown in Fig. 7. Table 2 lists offsets,
count rates and optical counterparts for these objects.
Because of the highest 2–10 keV flux and near-
est position to the INTEGRAL coordinates, we propose
1SXPSJ131004.4+082936 as a probable counterpart, al-
though contribution from other sources cannot be excluded.
Observations with the NuSTAR hard X-ray focusing tele-
MNRAS 000, 1–11 (2016)
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3XMM J053257.8-705112
IGR J05329-7051
Figure 6. XMM- Newton EPIC MOS 0.2–10 keV image of the
field around IGRJ05329−7051. The circle denotes the INTE-
GRAL error region of 4.2′ in radius.
Figure 7. Swift/XRT 0.3–10 keV image of the field around
IGRJ13100+0830. The large circle of 4.2′ in radius denotes the
INTEGRAL error region. The smaller circles denote sources from
the 1SXPS catalog (Evans et al. 2014).
scope (Harrison et al. 2013) or the planned Astro-H mission
(Takahashi et al. 2010) could help establish the nature of
IGRJ13100+0830 and find its optical counterpart.
2.3 Catalog
The list of the detected sources with S/N > 4 is presented
in Table 1, which consists of three blocks corresponding to
the M81, LMC and 3C 273/Coma fields. The columns of the
table are described below.
Column (1) ”Id” – source number in the catalog.
Column (2) ”Name” – source name. For sources previ-
ously detected in hard X-rays we use their catalog or com-
mon name. We assign an “IGR” name for sources detected
for the first time (also highlighed in bold).
Columns (3,4) ”R.A., Dec.” – right ascension and dec-
lination in equatorial coordinates (J2000 epoch).
Column (5) ”S/N” – signal-to-noise ratio of the detected
source.
Column (6) ”Flux” – average source flux (17–60 keV) in
mCrab and the associated 1σ error.
Columns (7,8) D, z – metric distance or redshift for
extragalactic sources. For the calculation of luminosities
(column 9) we used the metric distance for nearby sources
(z 6 0.01) and the luminosity distance estimated from the
redshift for the more distant sources. Distances and redshifts
were obtained from the SIMBAD and NED databases.
Column (9) logL – the logarithm of the 17–60 keV
luminosity of the source. We only calculated luminosities
for sources classified as AGN; a standard ΛCDM cosmology
with H0 = 67.8 km s−1 Mpc−1, Ωm = 0.308 was used.
Column (10) ”Type” – astrophysical type of the ob-
ject: HMXB (LMXB) – high(low)-mass X-ray binary; CV
– cataclysmic variable; pulsar – rotation powered X-ray pul-
sar; cluster – cluster of galaxies; Sy1, Sy2 (and intermediate
types Sy1.2, Sy1.5, Sy1.8, Sy1.9) – Seyfert galaxies of differ-
ent types; NLS1 – narrow-line Seyfert 1 galaxies; LINER –
low ionization nuclear emission-line region galaxy; XBONG
– X-ray bright optically normal galaxy; blazar – BL Lac ob-
ject or flat-spectrum radio quasar; NLRG - narrow emission-
line radio-galaxy. For all sources associated with galaxies but
without known activity type we ascribe an "AGN" type.
We should note, that there are few sources which clas-
sificated as LINER based on optical observations but shows
unusually high hard X-ray luminosities - more than 1043
erg s−1, we decided to denote them as “LINER?’.’
Column (11) ”Notes” – For known sources, we present
an optical or IR counterpart name. For sources detected for
the first time, we specify the soft X-ray counterpart and
associated optical association. Some additional remarks are
also provided.
3 AGN SAMPLE AND STATISTICS
Our resulting source catalog is dominated by extragalac-
tic objects: the total sample of 98 AGN includes 64 Seyfert
galaxies, 7 LINERs, 3 XBONGs, 16 blazars (or candidate
blazars) and 8 AGN of unclear type. The catalog also con-
tains 25 unidentified sources, thus the survey’s identification
is complete at 83%.
The INTEGRAL/IBIS deep extragalactic survey can be
used to construct a number-flux relation for AGN, assuming
that they are uniformly distributed in space (we check this
assumption below). To this end, we excluded from the full
AGN sample M81, NGC4151 and 3C273, since these were
dedicated targets of long INTEGRAL observations, and 15
(3C 273 already excluded) blazars. The resulting sample of
80 confirmed non-blazar AGN is referred to as a confirmed
AGN sample hereafter.
Fig. 8 shows the cumulative logN–logS distribution de-
rived from the confirmed AGN sample and corrected for
the survey’s sky coverage (Fig. 2). This distribution can be
well described by a power law N(> S) = AS−α. Using the
maximum likelihood estimator (Crawford et al. 1970) and
MNRAS 000, 1–11 (2016)
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Figure 8. Number–flux (17–60 keV) relation for AGN. Blue points represent the full AGN sample (80 confirmed non-blazar AGN and
25 unidentified sources), while the black solid line shows the corresponding best-fitting power law model (the best-fit parameters are
given in Table 3). The shaded area represents the 1σ error region for the confirmed AGN sample composed of 80 non-blazar AGN. The
power-law fit for this sample is shown by the gray dashed line.
Figure 9. Number–flux (17–60 keV) relations for sources in the three extragalactic fields. The colored dots show both known non-blazar
AGN and unidentified sources, and the black solid lines represent the corresponding power-law fits (the parameter values are given in
Table 3). The shaded areas represent the 1σ regions of best-fit parameters excluding unidentified sources. Power-law fits for samples
without unidentified sources are shown as dashed gray lines.
the source number counts, we determined the slope α =
1.44± 0.14 and normalization A = (2.9± 0.3)× 10−3 deg−2,
at the flux 2 × 10−11 erg s−1 cm−2, of the number-flux re-
lation. Although the derived slope is consistent with that
(3/2) expected for homogeneously distributed objects, there
is an indication of some flattening of the logN–logS distri-
bution below '6×10−12 erg s−1 cm−2, which may be caused
by the incompleteness of our survey at these low fluxes.
Taking into account the high Galactic latitudes of the
extragalactic fields under consideration, it is reasonable to
expect that most of the unidentified sources in our sam-
ple have an extragalactic nature. We therefore also con-
structed a larger full AGN sample by adding all 25 uniden-
tified sources to our confirmed AGN sample. The new sam-
ple includes 105 hard X-ray sources spanning down to a
flux of '3×10−12 erg s−1 cm−2, which is a factor of two
deeper than the all-sky extragalactic logN–logS relation
constructed by Krivonos et al. (2010b). Using the same ap-
proach as before, we derived the best-fit slope α = 1.56±0.13
and normalization A = (3.1 ± 0.3) × 10−3 deg−2 at the
flux of 2 × 10−11 erg s−1 cm−2 for the number-flux rela-
tion constructed from the full AGN sample (see Fig. 8 and
MNRAS 000, 1–11 (2016)
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Table 3). These values are not significantly different from
our estimates based on the confirmed AGN sample. The
derived slope is consistent with 3/2, while the normaliza-
tion is slightly lower but still consistent with the value of
(3.59 ± 0.35) × 10−3 deg−2 obtained for the all-sky INTE-
GRAL survey by Krivonos et al. (2010b).
We further used the full AGN sample to construct the
logN–logS distributions for the three individual extragalac-
tic fields (Fig. 9). The corresponding slopes and normaliza-
tions are summarized in Table 3. The slopes and normaliza-
tions for the M81 and 3C 273/Coma fields are compatible
with each other while the LMC field shows a significantly
steeper slope, yet consistent within 2σ with the logN–logS
fit for the combined survey. The apparent lack of bright
(> 2×10−11 erg s−1 cm−2) AGN in the direction of the
Large Magellanic Cloud was previously noticed by Lutovi-
nov et al. (2012).
It is well known that the spatial distribution of galaxies
in the local Universe is strongly inhomogeneous on scales
less than ∼ 100–200 Mpc (Jarrett 2004). With the typi-
cal sensitivity of our deep INTEGRAL/IBIS survey ∼ 5 ×
10−12 erg s−1 cm−2 (17–60 keV) we can detect AGN with the
characteristic luminosity of L∗ ∼ 5× 1043 erg s−1 (Sazonov
et al. 2007, 2015) beyond this scale, out to ∼ 300 Mpc.
This fact is confirmed by Fig. 10, where we plot the hard
X-ray luminosity vs. redshift for the confirmed AGN sam-
ple. Therefore, we can make use of the AGN count statistics
in the directions to M81, LMC and 3C 273/Coma fields to
probe the matter distribution in the local Universe regard-
ing AGN as its tracers (Krivonos et al. 2007; Ajello et al.
2012).
To get a rough idea, we can compare the numbers of
nearby AGN (at distances D < 150 Mpc) found in the three
fields (see Table 3). There are 12 such objects (i.e. confirmed
non-blazar AGN) in the M81 field, 5 in the LMC field and
27 in the 3C 273/Coma field. Given that the last field is two
times larger than the former two, these numbers do not indi-
cate a significant difference in the AGN space density in the
three considered directions. More accurate estimates can be
achieved with the 1/Vmax method (Schmidt 1968; Huchra
& Sargent 1973). We restricted our analysis to sources with
D < 150 Mpc and L>1042 erg s−1 (within the shaded region
in Fig. 10). The latter condition is imposed to diminish the
statistical noise associated with the lowest luminosity (and
hence very nearby) AGN. The resulting samples contain 9,
4 and 18 AGN in the M81, LMC and 3C273/Coma fields,
respectively. As can be seen from Table 3, the LMC field
exhibits the lowest local AGN space density. However, the
estimated densities for the different fields are consistent with
the density estimated by combining these fields.
4 SUMMARY
We have analyzed the deepest INTEGRAL hard X-ray sur-
vey of three extragalactic fields: around M81, LMC and
3C273/Coma, with the peak exposure of 6.8 Ms in the
LMC field and above 9 Ms in the two other fields. The peak
achieved sensitivity is 0.18 mCrab in the 17–60 keV energy
band. The catalog of sources detected in the combined sur-
vey contains 147 objects detected above the threshold of
S/N > 4, with 37 of them having been detected in hard X-
10−3 10−2 10−1
z
1040
1041
1042
1043
1044
1045
L 1
7
−6
0
k
eV
,e
rg
s
s−
1
M81
LMC
3C273
Figure 10. Hard X-ray luminosty vs. redshift for the identified
non-blazar AGN. The sources from shaded region were used for
estimating the AGN space density (see text for details).
rays for the first time. We have identified 13 of the newly de-
tected objects using archival soft X-ray observations. Twenty
five sources (24 of new and SWIFT J0826.2–7033) remain
unidentified making the completeness of the survey at the
level of 83%.
The catalog is dominated by extragalactic sources. The
cumulative logN–logS distribution of non-blazar AGN is
consistent with a power law down to fluxes ' 3 × 10−12
erg s−1 cm−2, which is deeper by a factor of two compared
to the previous (all-sky) measurement of Krivonos et al.
(2010b). The AGN number counts for the M81 and 3C
273/Coma fields are consistent with each other, while the
LMC field demonstrates a steeper number-flux distribution
(2σ deviation from the expected −3/2 slope) and a lack of
bright AGN with flux higher than 2×10−11 erg s−1 cm−2.
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Table 3. Best–fit parameters for the number-flux relations and estimated AGN space densities.
Parameter Units M81 LMC 3C 273/Coma Total
logN–logS, best-fit parameters for full AGN sample (confirmed AGN and unidentified sources)
α 1.51±0.23 2.26±0.36 1.50±0.17 1.56± 0.13
A1 ×10−3 deg−2 3.8±0.7 1.3±0.3 4.0±0.5 3.1± 0.3
N2 27 23 55 105
logN–logS, best-fit parameters for confirmed AGN sample
α 1.52±0.27 2.34±0.46 1.37±0.19 1.43± 0.14
A1 ×10−3 deg−2 3.0±0.6 0.9±0.2 4.0±0.6 2.9± 0.3
N3 22 16 42 80
N4 12 5 27 44
N5 9 4 18 31
AGN space density estimated by the 1/Vmax method
ρ6 ×10−5 Mpc−3 14.8±11.6 3.2±2.1 5.4 ± 2.1 7.6 ± 3.5
1 The normalization A is derived at the flux 2× 10−11 erg s−1 cm−2.
2 The number of confirmed non-blazar AGN and unidentified sources in the field.
3 The number of confirmed non-blazar AGN in the field.
4 The number of confirmed non-blazar AGN at D < 150 Mpc.
5 The number of confirmed non-blazar AGN at D < 150 Mpc with L > 1042 erg s−1.
6 Number density of AGN at D < 150 Mpc with L > 1042 erg s−1.
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